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AERONAUTICS

PRELIMINARYINVESTIGATIONOFA VARIABLE

MASS+!LOWEX%PERSONICNOSEINLZ?l

By ClydeHayes

●

SUMMARY

A methodhas%eenanalyzedforvaryingthemassflowof supersonic
inletshavinga circulsrcrosssectionanda centrslbody. Themethod
consistsofchangingthesizeoftheenteringstreamtubeby meansof
an inflatablebootonthesurfaceofthecentrelbody. Testsweremade
at a Machnumberof2.70to determinetheeffectof suchnosesha~s on .
theenteringflow,massflow,endpressurerecovery.Comparisonwas
madebetweentheoreticalsndexperimentslmassflows.Thetestresults
showthatthemassflowcouldbe reducedto 76percentofdesignmass
flowtithouta lsrgelossofpressurerecoveryandwithouttheunstable
flowconditionsordiscontinuitiesoftheflowthatexistinthefixed–
geometrydiffuserswhenshilarreductionsinmassflowsremadeby
increasingthebackpressure.Althoughdragtiasuementswerenotmade
inthisinvestigation,considerationof shockwaveconfigurationsindicates
thattheaccompanyingIncreaseindragissmallerthanthatcausedby the
strongshockwavesaheadoftheinletwhichusuallyaccompanyreductions
inmassflowmadeby increasingthebackpressure.

INTRODUCTION

Fromtheperformancecharacteristicsofrsmjetsoperatingat
supersonicvelocities.itcenbe shownthatforeffectiveoperationover
a rsngeofflightconditions,regulationofthemass.flowisdesirable.
Fora fixqd+eonmtrysu~rsonicnoseinletofthetypehavinga circular
crosssectionanda centralbodysndhavingpartinternalandpart
externalsupersoniccompression,themass”flowcannotbe reducedwith
supersonicenteringair. Theoreticallyit ispossibleto reducethe
massflowby increasingthelackpressureuntiltheintern.slsuprsonic
compressioniseliminatedanda newflowconditionisestablished.This* newflowconditionisestablishedsuddenlysndis accompaniedby en
abruptdecreaseofmassflowsndan increaseindrag. Figure1 shows

* thetwoflowconditionsfora fixed~eomtryinletandillustratesthe



2 NACARML9JU

.

asymmetrical.flowconditionwhichmayexistdueto unevenseparationon
thecentrslbody. Theresultis asymmetricalloadingoftheinlet.
Sincethisflowconditionisunstdle,themassflowcannotbe reduced

.&
sufficientlywithouttheflowoscillationsandvibrationsbecomingof
suchmagnitudethatthisnwthodcennotcmlinqrilybe used. Themass
flowmayalsobe regulatedbymovingthecentrslbodyforwardalongthe
tis oftheinlet.Sincethecentralbodyusuallyhousesfuel,
instrments,smdaccessories,thissystemissorestimesnotdesirable.

Tnthepresentdiscussiona methodis introduced%y whichthemass
flowisregulatedby changingthenosean@e ofthecentralbody. In
orderto reducethemassflowenteringtheinlet,theflowmustle
deflectedsothatsomeoftheflowdoesnot‘entertheinlqt.Ifthe
shockwaveproducedby thecentralbodyis eithermadestrongeror
movedforwsxd,scmeoftheairwhichwoukdotherwiseentertheinletis
deflected aroundit. By increasingthenosesngleofthecentralbody
theshockwaveismadestrongerand,atthesametime,movesoutward“
awayframthelipofthecowling.Thisnaypossiblybe accomplishedby
attachingto thecentralbodya flexiblebootwhichmaybe inflatedto
increasethenoseangle.Thepurpseofthispreliminaryinvestigation
isto determinetheeffectof sucha methodontheenteringflow,mass
flow,andpressurerecovery,andto comparethee~rimsntalmassflow

.—.

withthetheoretital.. :

ThetestsweremadeattheLa@ey Laboratoryin& intermittent *
jetusedforprevioustestsof similarsupersonicinlets.TheMach
nwiberwas2.70andtheReynoldsnumber2.~ x 106,basedonthecowl-
lipdiameter. —

SYMBOIS —

eb equivalentconeangle;snglebetweenaxisofcliffusersmdline
$oiningapexofconeandtangeutto surfaceof inflatedboot

ec semitoneangleofcentrslbody
—

ee effectivecme angle;semicomsngleofa centralbodytitha
conicshapewhichwouldproducea shockwavetangenttothat

‘z

of a given (?b

cowlingpositionpsmmeter;anglebetween~is of diffuserand
linejoiningapexofconeto lipofcowling ,.

.
.+

---
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P. initialstagnationpcesimre

Pf stagnationWessuretier decelerationintoinlet

R radiusofenteringstreamtube

3

DESCRIPTIONOF‘ZEl!!METHOD

Themethodofmass-flowregulationconsideredinthispreliminary
investigationconcernsthemriationoftheeffectivenoseangleofthe
centralbody. Thiswriationcanbe effectedby theuseofa flexible
bootincorporatedinthesurfaceofthecentrslbody. By inflatingthe ‘
boottheeffectivenoseanQe csnbe increased.Thegeneralshapeof
suchaninflatedbootis shownto enexaggeratedscsleinfigure2.
Theinflatedportionisnotextendedallthewaytotheapexofthe
centrslbodyontheassumptionthatinactualpraoticeitwouldbe
necessaryto fastentheflexiblematerislsomedistancebackfromthe
tip.

Theeffectofthechsngeinnoseangleontheflowis shownin
figure3. Withthebootuninflated,theenteringstresmtubeis
representedby streamlineBC’.Theradiuso-ftheenteringstreamtube
isshownasR. Asthebootis inflatedtheconeangleis,ineffect,
increased,endtheshockwaveOAmovesto a newpositionOAt. Nowthe
streamlineunderconsideration,BC,is deflectedatC‘ anddoesnot

. entertheinlet,andno longerrepresentstheenteringstresmtube.
StreamlineB~C?’nowrepresentstheenteringstreamtube,slthoughit is
alsodeflectedby shockwaveOA?,butata differentpointC“,and
enterstheinlet.Theradiusoftheenteringstreamtubeisnowshown
asR!,whichis smsllerthanR. Thus,ithasbeenshownthatan increase
ofthecentral+odynoseanglewillresultina decreaseinmassflow.

h orderto givesomebasisforcomparingthedataobtainedfrom
thetests,a pammueterwhichism indicationofthemount of inflation
ofthebootis introduced.Thisparameter,theequivalentcone
-e ‘b,istheanglefommdby theaxisoftheinletanda line
drawnfromthetipofthecentrslbodyandtangenttothes~faceofthe
inflatedboot.

Forcomparisonwiththeexperimmtsl datathemassflawentering
theinletforreducedmas~fbw conditionswascalculatedby assuming
thatthecentralbodywasa trueconewiththesemi+pexangleequsl
to theequivale?rbangle (3b.Theshapesofthestreamlinesinthe

conicelfieldweredraxnfromdatatakenfromreference1, ad the
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comparativesizesoftheenteringstr.eantube.were.de~emined
graphically.Thismethodgivesonlyenapproximdion~ofthemassflow.
Fora moreprecisesolution,notincludedinthispreliminaryinvesti-
gation,theflowfieldcanbe calculatedby“applyingthemethodof
characteristics(reference2) to theexactcentrd-~odynosesha~s.

—-

APPARATUSANDMODEL

Theapp!mtiususedfortestingandthepethodof acqtiringdata
arefullydescribedinreference3. Themassflowwasmeasuredwitha
calibratedthinplateorificecontainedina tubeattachedto therem
ofthemodel. ..

Theentrancedianeterofthecowlingwasl.~0inches,with
4° internaland7° externallipangles. .

In orderto simulatetheinflatedbodies,thenoseofthecentral
bodywasbuiltupwithsoftsolderandeha~d asfoll.ows:The@ded
solderwasfirstcuttothe~mmn diameter”ofthec=ntrelbodyend
thencutto forma conicshapewiththesemi~~x angleequsltothe
equivalentconea@e withtheapexofthecpnecoincidentwiththe
original“’nose.Thesolderwasthenremovedfromthenosefora dfstance
of1./4Inchhackfromthetip,endtheremainingmaterialwascutto
formafairedcurvealongthesurface.Theresultis-thesham ofthe
simulatedbootofthedesiredequivalentengle.Theexactshapewithin
thedimensionalMmits givenwasnotconsideredcriticel.Thecentrsl-
bodylocationwaskeptconstantatthe~esitionwhichplacedtheshock
wavefromthenoseofthecentralbodyatthecowlinglipwitha
220centrslbodyata Machnuniberof2.70.

DISCUSSIONANDRESULTS

An analysisoftheflowenteringtheinletwasmadeassumingthat
theamx angleofthecentralbodyincreasedbutthatthenoseofthe
centrelbodywasstilla truecone. Sincetheinflatedbootwas I
startedsomedistancebackfromthetipofthecentrslbody,theactual
shapeisnota cone;therefore,ifthisenalysisistobe usedforthe
comparisonofexper~ntaldata,theagreementoftheequivalentcone____
me eb withtheeffectiveconeangle ee mustbe determined.The
COmparhOII Of eb 19nd ee is presentedinfigure4.,andshowsreasonably
close~eement. Tn figure~,thecalculatedandmeasuredved.qesof
mass flowarecomparedintermsofrelativegrossfl~, definedasthe
ratiooftheactualmassflowtothemassflowforthedesigncondition,
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&clu@g thevelueat ‘b = 27.2>,theexper-ntalresultsshow
reasonableagreementwiththetheoryassuminga trueconeforthevslues
of ~%. At 27.25°themarkeddeviationfromthetheorymaypossibly%e
causedbytheeffectsoftheappreciabledifferencebetweenthecontour
ofthecentralbodywiththesimulatedlootandthetrueconicalshaw
assmnedinthetheory.Onlyatthisvslueof %b dotheeffectsfrom
expansionoftheflowoverthe&mlated boot,asobsemedinfigure6,
causenoticeablecurvatureoftheshocksheadoftheinlet.

Theeffectofreductionofmassfluwby thismethodonthepressure
recoveryis showninfigure7. Forrelativemassflowof 90 ‘pmcent,
thelossofpressurerecoveryfromthevalueof67.7fordesignmass
flowisoftheorderof7 ~rcent,whilethatfor80-percentrelative
massflowisoftheorderof9 percent.Forrelativemassflowof
76percentthepressurerecoverywasreducedto 56.9. Thesevaluesof
lossofpressurerecoveryaresmallenoughto ellowthissystemto be
practicsl.

Shadowgraphsoftheflowconditionpresentedinfigure6 showthat
theexternal.flowdoesnotundergosnylargeor abruptchsngeswith
changeof eqtivslentconesingleeb. Thereis sn increaseinthe
strengthoftheshockwavewhichindicatesenincreaseindrag,butthis
increaseisgradusl.Thestrengthoftheshockwaveislessthanthat
oftheinletwitha normalshockacrosstheentrancesnd,therefore,the
dragislessthanifthemassflowisreducedby increasingtheback
pressureuntila normslshockwaveisforme~.Thereisno indicationof
anyunstableflowconditionswhichmightcauseflowoscillations.

CONCLUSIONS

AmethoQforvaryingthemassflowof supersonicinletshavinga
circularcrosssectionanda centrslbodyhas%eenconsidered,andtests
andcalculationshavebeenmadein orderto determinetheeffectsat a
Machnumberof2.70of a simulatedinflatablebootonthecentrsl+ody
surfaceupontheenteringflow,massflow,and~essurerecovery.A
comparisonwasmadebetweenexperimentalandtheoreticalmassflows.

Thefollowingconclusionsweremade:

1.Themassflowwasdecreasedgraduellyto 76
massflowwithan aocompsmyingdecreaseofpressure
67.7 percentfordesignmassflowto 56.9 pmcent.

percentof design
recoveryfrom
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2. Themam+flowreductionwasachievedwithoutthenecessityof
havinga movl.ngcentreLbodyandwithouttheunstableflowconditions,
~theaccompsz@ngvibrations,andabruptchangeindragproducedby #
decreasingthemassflowwith.afixed.~ecmmtryinlet.

3. Formass-fluwreductionsto 76 percentofthedesignmassflow
itwasfoundthatthemassflow”andshockanglescouldbe predicted.by

-.

theoryassumingthecentralbodyto%e representedby a conetangentto
theinflatedboot. .- .

LengleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyAirForceBase,Va.
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(a)DesignmasE f low.

.

\

(b)Reduoedmassflow.

7

. .

Figure 1.-Twoflowconditionsforfixed-geometryMets.
(Notto scale.)
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Figure 2.- Ty_picd ehapeof the Simlaatedboot. (Not to scele.)
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StreamtubeforshockwaveOA
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Figure 3.- Flow pb?mlenainto Met for two poaiticm of the shcck wave. (Not to scale.)
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Relativemassflow= 1.00.

Relativemassflow= 0.76.

‘-’

Figure6.- Shadowgraph

RelativeDIRSBflow= 0.93.

Relativemassflow= O.~.

=s=
L-62158

picturesof theinletforfourdifferentvalues
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Figure 7.-Pre13flurerecove~ a~ a functian of relatim mass flow.


